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HEAT AND ITS SIGNIFICANCE IN THE BAKERY 
By PETER G. PIRRIE* 

rrl1e statement has been made that heat and temperature are tvrn 
differ ent things only incidentally connected and dependent on each 
other. '1.1he scientist is in the habit of defining heat as the kinetic en­
ergy of the molecules of the body. In order to understand this state­
ment it will be necessary to explain what the physicist means by the 
word molecule. 

Based on the conclusions of a countless number of experiments it is 
generally assumed that all matter is made up of small individual par­
ticles, separate .and distinct from each other and more or less free to 
move in and about each other. This may seem a ver y peculiar and ex­
tremely improbable situation; however, it may be easily seen that such 
an idea is only the logical r esult of a proper analysis of the situation. 

THE MOLECULAR THEORY 
'1.1ake a rod of iron. Saw this rod into two pieces. Each piece will 

have all of the properties of the original piece and about the only dif­
fer ence will be that there are now two pieces of iron wher e ther e was 
but one. If the process of dividing and sub-dividing the pieces of iron 
is continued, smaller and smaller pieces will r esult until eventually 
ther e will be obtained such a minute particle that it will be impossible 
to furth er sub-divide without destroying the nature of the substance. 
rrhere must be a stopping place somewhere and this small, ultimate 
particle is that place. It is called a molecule and it is thought of as 
being the smallest part icle of any substanec which can exist and still 
exhibit all of the properties of the original substance. '1.1hese molecules 
are assumed to be in motion and the energy of this motion b ecomes 
evident to the senses as heat. 

Without going further into details on the ' ' molecular theory'' as it 
is called, it may be stated that an increase in heat in any body simply 
0auses an increase in the velocity of the molecules and a decrease in 
heat causes a decrease in the velocity of the molecules. 'rhis is evident 
in one of the practical effects of heat, namely, the property of expan ­
sion and c·ontraction. If a body is heated the molecules move fast er, 
and t end, on this account, to become more separated from each other, 
consequently the distance between the 'molecules becomes greater and 
the body becomes larger. 

SPEC[FIC HEAT 
It is customary to define heat in t erms of its effect upon water. Just 

as there are units of t emperature, namely, the degr ee Fahrenheit or 
the degree Centigrade, so ther e are units of heat and in this instance 
the practica1 unit is the a.mount of heat which will raise the 
t emperature of one pound of water one degree Fahrenheit. This unit 
is called the British Thermal Unit and is commonly spoken of as a 
"B. rr . U." Now it is a p eculiar fact that whereas one B. T. U. of heat 
*Address delivered at the Third Bakers' Short Course, Iowa State College, March 1-4, 1920. 
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will raise the temperature of 011 e pound of. water one degree Falu-en­
heit, it will raise th e t cmp ernturc of one ponnd of brass approximate ly 
11 ° F ehrenheit, of a pound of gold approximately 33 ° Fahl'cnhc it, and 
in a similar mam1 cr equal weights of differ ent substances are a ll 
changed in temp cratme a differ ent number of degrees by the applica­
tion of the same amount of heat. A practical experiment will be useful 
in illu.-trating this p eculiarity. 

If one pound of water at 212° :b'ahrcnheit and on e pound of water 
at 32 ° Fahrenheit arc mix ed the r esultiug t emperature is 122° l◄'ahren ­
heit, which is because of the fact that on e pound of wate r has been 
cooled down through 90 Fahrenh eit degrees and one pound of water 
has been ,vanned up through 90 ]i'ahrenheit degrees and the number 
of B. 'l'. U. giveu off and taken up ar e equal. Whenever , e9ual ''.'cigh!s 
of th e same substance at different t emperatures are mixed m this 
manner a t emperature practically half way between the extremes 
will be 'reach ed. However, on a,ccount of the fact that differ ent sub­
stances have differ ent capa citie.- for absorbin g heat, a total ly diffe rent 
sitnation arises wh en two differ ent substances at different t ernper­
atu1·rs arc mixed. On mixing one pound of brass at 212° Fahrenh eit 
with one pound of water at 32° l◄'ah eenh eit, the same conditions e_x ist 
as in th e pl'eceding experiment with the exception that an equal weight 
of hot brass has been substituted for a ponncl of hot wate r. When the 
hot pi ece of brass has been snspencl ed in the cold water in such a 
marn1 e1· that all of th e heat in th e brass is contributed to th e wate r 
the t emperature of th e mixtnrc will not be 122° Fahrenheit bnt ap_­
prnximatcly 47 ° Fahrenh eit. '!'his res ult demonstrates that one pound 
of water wann ed up onl y 15° whi le the pound of brass had to cool 
down J 65° in order to furnisb th e heat necessary to warm th e water 
that much. 'J'h e on e pound of water in wa nning up 15° needed 15 
13. T. U. This amount of heat had to come from th e pound of brnss. 
Consequ ently, the pound of brass had to chan_ge in _temper3:turc 11 
times the change in t emperature of an equal weight of water m ord et· 
to give off th e amount of heat r equired. I t is customary to sa:y that 
brass, on this account, has only on e-elcv~nth the h eat capacity. of 
water . 'l'hi s is expressed by a number whi ch r epresents the r elatwn 
to th e heat capacity of water. It is cal led th e specific heat of bra~s a~1? 
is 011 c-eleventh or approximately .09. 'l'his specific heat val ue 1s d1_f­
fer ent for every diffe rent substan ce and the total amount of 1: eat_ m 
any body is depC'ndent not on tempnature alone but on a combmation 
of the weight, th e t empe1·ature, ancl th e spec ifi c h eat _of th e body .. lt 
can r eadily be seen that this r elationship i ?n e of direct proportion. 
As the weight in creases the a mount of h eat rn creases, as th e . t ~mper ­
atnre in creases the arn.onnt of heat increases, and as. th e specific heat 
v,aln c increases th e amount of heat incr eases. Math ematically th ere-
fore, we f ind that: . . 

a mount of heat = weight X t empcratnre abovr a fixed pomt 
X specifi c h eat. 
(provided no change of state has taken place.) 
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BEHAVIOR OF OVENS 

'l'his offers an explauation of why it takes different amounts of coal 
to heat differ ent ovens which are supposed to be of the same construc­
tion and why some ovens will hold the heat better and give a more 
uniform and steady baking temperature than others. Assume two 
ovens, supposedly absolutely identical, the same number of 1?rick an_d 
the same weight of all materials being used in their construction. It 1s 
fou11d that very considerably different amounts of coal are n eeded to 
bring these two otherwise identical ovens up to th e same t emperature 
and that when they are up to t emperature, one of the ovens will hold 
the heat for a considerably longer time than the other. This may be 
very easily explained in that the materials in the one unit have a lower 
average specific heat value than in the other unit which makes it 
follow that less coal will be used in getting that parti cular oven up to 
heat, but that ther e will be a greater t endency to lose heat at the 
same time. 

ln order to get maximum heat efficiency from a bake oven, not only 
do the weights and specific heats have to be taken into account but 
al so certain oth er featur es require consideration. lt is a fundamental 
principle of h eat that when one body is at a higher t emperatme than 
,another h eat will flow from the 'body of higher t emperature to the 

· body of lower temp erature. 'l'his flow of heat takes place in three ways 
which am called convec tion, conduction and radiation. 

CONVECTION 

Whenever h eat is moved bodily or mechanically from one place to 
another, the method is called convection. For instance, if a gallon 
measure of hot water is carried from one place to another, heat has 
been moved mecbanically. Technically, this is convection. Convection 
is more familiar in conn ection with the heat ing of a room or in con­
nec tion with the flu e passages and chimn ey of a furnace. Whenever 
ait· is heated at any on e particnlar loca lity, this heated air becomes 
lighter than th e air around it 3:nd tencls to rise. .B~or inst anc~, in_ a 
room the air in and about a radiator w1!.I become heated and w il l rise 
to th e ceiling directly above th e radiator. It will th en pass hori~ontal­
ly across the ceiling, become cool, descend al~ng the wall opposite the 
mdiator and cross th e floor back to th e rachator to be r eheated and 
recirculated. A similar situation exists in th e bake oven wher e the 
air is heated at th e grate, and is on this account caused to flow thrn 
the flu e passages and up th e chimney. Such motion of air or other 
heated gases causes a m echanical transfer of heat from on e place to 
anoth er. 'J'his is .spoken of in t erms of '' convection currents. '' 

CONDUCTION 
It is a similar fact th at if a bar of metal is heated at one end th e 

heat will travel through th e metal and the other encl will likevvise be­
come warm. When heat is transmitted through the substance of a 
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body itself the process is called conduction. Just as different sub­
stances have differ ent specific heats so do differ ent substances have 
vastly differ ent coeffi cients of h eat conductivity. For instance, if one 
end of a copper wire is held in a hot flame, the other end of the wire 
will promptly become too hot to be held in the bar e hand. However, 
if aluminum is substituted for the copp er, the end of the aluminum 
wire can be melted off in the f1ame without the other end becoming too 
warm for the hand. 'l'he conductivity of copper is said to be very much 
hig·h er than that of aluminum because it transmits heat JllUCh more 
rapidly. 

RADIATION 
'l'he third manner in which h eat may be tra nsmitted from on e place 

to anoth er is by radiation. It is not necessar y to touch or to be direct­
ly above a radiator to know that it is hot. 'l'he sense of heat will be 
obtained from a hot radiator even though on e may be some consider­
alble distance below or to one side of the source of heat. 'l'he heat is 
passed off directly from the r adiator without the help of any con­
vection current and without the necessity of any mat erial possessing 
conductivity between. When heat is so transmitted from one place 
to anoth er it is said to be radiated. Different substances and dif­
fer ently treated substances will radiat e heat at differ ent rates. 

APPLICATION TO OVENS 
When all of these factors ar e taken into account it is found that in 

practice not only the amount of heat must be dealt with, but also the 
physical constants of these hot substances in th eir connection with 
heat convection, conduction, and r adiation. Tracing the heat rela­
tionships in a bak e oven will give an understanding of all that takes 
place in heating up an oven and in baking bread. Coal is burned and 
a large number of B. 'l'. U. are set fr ee at the grate. 'l'hese heat units 
are taken up by the air passing through the grate. This air becomes 
highly heated. Convection currents carry this highly heated air 
through the flues around the baking chamber ,and up the chimney. In 
the passage of this air around the baking chamber a considerable por­
tion of the heat should be taken up by the materials of which the 
chamber is construct ed. This h eat will be taken up by virtue of the 
fact that the flue gases ar e at a higher t emperature than the materials 
of the baking chamber. 'l'he heat will be taken from the flue spaces 
into these materials and through them to the inner surfaces of the 
baking chamber in a ccordance with the conductivity properties of 
these materials. If the coefficient of heat conductivity of the baking 
chamber construction is high , then the h eat can r eadily pass from the 
flue gases to the place where it is used. If however , this coefficient 
happens t o be low, then it will be just that much more difficult for the 
heat to get into the baking chamber proper and a considerable amount 
of it, on this account, will be lost up the chimn ey. Once the heat gets 
through the tile or brick of which the baking chamber is constructed, 
it gets into the baking chamber proper by r adiation. 

\ 
1 
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LOSS OF HEAT 
Just as it gets into the baking chamber by radiation and conduc­

tion so can it also get out of the baking chamber and, if the oven is not 
properly constructed, the heat will flow by conduction through the 
walls to the outer surface of the oven and then radiate into the room. 
It is found by actual test that for a 600 loaf oven burning approximate­
ly 375 pounds of coal per day, the radiation loss from the peeling door 
alone ma,y b e as high as 110 pounds of coal, which means that ther e are 
burned for this oven 110 pounds of coal which are not assisting in any 
way whatever in the baking of the bread and are consequently a total 
loss. In addition to such a loss, if the walls of ,a bake oven are not 
properly insulated to the passage of heat, the h eat will flow through 
these walls and out into the room. It is not logical nor is it practical 
to attempt to k eep this heat inside the oven simply by increasing the 
thickness of the oven walls. Each layer of brick added to the oven 
walls simply increases the weight and r equires that many more B. 'l'. U .. 
to bring the oven up to the same t emperature. 'l'h e proper method of 
k eeping heat inside of a bake oven is to insert in the walls of the oven, 
substances which have a very low heat conductivity and which, on 
this account, are usually spoken of as heat insulators. Such materials 
are certain forms of mineral wool, air enclosed in a dead space, and 
certain forms of special brick. By proper construction and proper 
use of mat erials the conduction of heat through the walls may be 
r educed to a minimum and just that much more heat made available 
for conduction into the baking chamber itself. There is another point 
in the construction of a bake oven wher e heat may be r eadily lost. It 
is customary to build some ovens on piers of material which has a 
considera'ble capacity for conducting heat. Consequently the heat will 
flow through the body of the oven to these piers, down through the 
piers, and out through the floor. If something which will stop the flow 
of heat, is inserted in to these piers, this loss can be prevented. Plate 
glass lends itself very r eadily to this purpose and ¾ or 1 inch of plate 
glass inserted in such piers will practi cally save all heat formerly lost 
a t this point. 

In this very rapid survey of an extremely important subj ect it has 
been pointed out that heat is a thing which must be watched very care­
fully, for if giv en the slightest chance it will go in directions and to 
places wher e it is not wanted. Furthermore it has been pointed out 
that by improper construction and wrong choi ce of materials heat 
may r eadily 1b'e prevented from going where it is wanted. Every time 
heat is given a chance to be lost and every time it is made more dif­
ficult for heat to get to the place at whi ch it is to be used, the efficiency 
of th e oven or other device will be lower ed in proportion. 'l'his means 
money lost and fuel used to no good purpose. It behooves every baker 
to have a certain understru1ding of the nature of heat and its r elation­
ship to temp erature that he may be better qualified to opr rate his 
<:quipment to the best advantage and put money into his own pocket. 
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TEMPERATURE, MEASUREMENT AND 
CONTROL IN THE BAKERY 

The most important inunediatc application of heat in the bake-shop 
is in the production and maintcnanc of the proper t emperatures during 
th e different tage. of the manufacture of 'bread. It should be realized 
at the beg inning that heat and t emperature are tvrn differ ent things, 
on ly incidentally connected ,and dependent on each other . Heat itself 
is a form of energy wher eas t emperature is mer ely an effe ct due to 
heat. 

EFFECTS OF HEAT 
When ever additional heat is introduced into a body in one of the 

various ways, one of several diffe r ent effects may be produced. 'rhe 
most common of these is an elevation or depression of t emperature 
which is evident to the senses in that things are said to be hot or eold. 
Any body is said to be at a higher t emperature than another when it 
will cause heat to flovv from itself to the other body. However, a 
change of t emperature is only one r esult due to addition and su1btrac­
t ion of heat en ergy itself. A change in state may r esult; for instance, 
the application of heat to ice melts the ice and the application of heat 
to ·water causes the .. water to chanO'e .into steam and, during the entire 
time that the ice is melting as well as the time during which the water 
i. boiling, ther e is no change of t emperature in spite of the large 
amount of h eat applied. It takes over fiv e times the amount of heat 
to change a pound of water into a pound of steam ( without any change 
of t empemture at all ) that it does to raise a pound of water from the 
freezing point to the boiling point. A third effect of heat which is 
very important is the property whereby bodies change in size with 
changes in the amount of heat they contain. ~L1his is easily illustrated 
by means of a tube of brass securely fastened at one end and free to 
move at the other . A pointer is connect ed at the free end of the brass 
tube in such a way that it moves over a scale with changes in length of 
the tub e. If uch an arrangement is set up and the pointer adjusted 
to a certain position, for ordinary room t emperature, ,and then steam 
is passed through the tube by means of a boiler and proper connec­
tions, the t emp rature of the tube ·will rise. On this account it will 
become longer and the pointer will move across the scale. Most sub­
stances become larger and longer with an increase in t emperature. 
rrh er e are ,a f ew exceptions to this rule which have their application 
in certain of the arts . r_ryp e metal is a familiar exception which in­
cr ease:;; in size with a decr ease in t emperature. 

THERMOMETERS 
In- the measurement of t emperature, tvrn of the principles just dis­

cussed are used. When one body is at a higher temperature than an­
other a flow of h .at will take place from the former to th e latter . 
Also wh en the t emperature of a body rises it usually expands. A long, 
slender glass tube with a bulb at one end, into which is introduced 
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suffic ient 111.er cury to fill the bu}b and part of the tube, commonly 
known as a mercury thermometer, makes nse of the latter principle 
and can be used to measure changes in t emp erature. Glass expands 
very much less for the same change in t emperature than does m -•r­
cury. On this account, if the t empera.tu re of the thermometer is 
raised the mercury '"'ill rise in the tube and if the t emperature is 
lower ed the mercury will fa]l in the tube. All common thermomet er•:-; 
depend on this principle, v,,ith the exception that mercnry is not alvvays 
the liquid used. Mer cury freezes at approximately 38° below zero, 
consequently a mercury thermom eter cannot be used for t emperatures 
lower than that point. Alcohol freezes far below any t emperature 
met with even under unusual conditions and a thermometer can be 
made by using alcohol in precisely the same way as when mercury is 
used. 'rhe mercury thermometer has practical application to t emper­
atures ranging from 38° below to 600° above zero :B1ahrenheit. rrhe 
alcohol thermometer can hr nsed at temperatures m, low as minus 200° 
1'\thren heit, but is not effi cient at t emperatures above 173° Fahrenh eit , 
as thi s is the boiling point of pure grain alcohol. 

UNITS OF MEASUREMENT 

So far t emperature has been spoken of ahvays in terms of Fahr0n­
hcit degrees. It is v,,ell to know how these degrees and the graduation: 
representing them are obtainecl on the scale of a th ermometer and how 
a thermometer, after having been pnrchascd, can be checked up as to 
whether or not its r eadings are correct. It will obvion -ly be n ecessary 
to have two points on the scale of any th ermometer wh ich are abso1 nt e­
ly fixed. The process of obtaining these two poi11t is called the 
''calibration'' of the thermometer . Happily , i.n nature t,,vo such points 
arc ver y r eadily obtained under perfectly controllable conditions. 
'rhese are the melting point, and the boilinO' point of water. · Under 
standard conditions of atmospheric pressure ice always melts at the 
same temperature and water always freezes at th e same. t emperature, 
provided vve are dealing- with a mixture of p11r e ice and pure water in 
the same vessel. If the bulb of a thermomet er is in serted into a mixture 
of pure ice and pure water after a short ti.me th e mer cury will come to 
a constant level and will remain at this level as long as a uniform mix­
ture of ice and water is maintained. 'rhis level at which the mer cury 
stands under th ese conditions is marked on the stem of the thermom­
et er and is called the freezing point. 

W hen pure ·water is boiled, the t ernperature will r emain absolutely 
constant as long as ther e is an y water left a11Cl as long as the pressure 
wh ich is allowed to exist above the surface of the boiling water is 
maintiained constant. Investigators in physical science have de­
t ermined the variations in the boiling point of water for variations 
in pressure so, that given the pressure existing, the t emperature at 
which water wi.ll 'boil can be det ermined absolntely. H ence, by sur­
rounding the bulb of a thermometer vvith st eam from boiling wat r 
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under known conditions of pressure, it is possible to locate another 
point higher up on the stem of the thermometer which, in ordinary 
language, is spoken of as the boiling point. rrhus, are obtained two 
absolutely fixed points on the stem of a thermomet er to which the 
mercury will r eturn when ever the same conditions are r eproduced. 
rrhese two points are called the fix ed points of the thermometer and 
if the distance on the st em of ,a thermometer between these two fixed 
points is divided into 180 equal pa,rts, and the small divisions so ob­
tained are extended both above and below the tvvo fixed points a 
rational thermomet er scale is constructed. When the fr eezing point 
is marked with the number 32 and the boiling point is marked with 
the number 212, the device becomes the thermomet er with which the 
baker in this country is familiar and which :is called the Fahrenheit 
thermometer. 

It will fb e noted that the zero on the ]j7 ahrenheit thermometer is 32 
lfahrenheit degrees below th e freezing point. Scientists are in the 
habit of using a different scale. rri1ey divide the distance 1between 
the freezing point and the boiling point into 100 equal parts, mark the 
freezing point zero and the boiling point 100 and call the thermometer 
the Centigrade thermomet er . 'l1his instrument has the advantage over 
the Fahrenheit thermometer in that it is divided according to the 
decimal syst em and has the freezing point marked zero. 

CHECKING UP A THE.RMOMETER 
Commercial thermomet ers, even of the better class, ·whether of the 

mer cury or the alcohol v,ariety are seldom correct. rrhe variation 
between the r eading given by the thermomet er and the correct t emp­
erature existing may b_e a very considerabl e amount. Modern methods 
of manufacture, the piece work system, and rather slack methods of 
inspection, contribute to this situation and bakers should be particu­
larly careful to know that their thermometers are correct and that 
when a dough thermometer says that the dough is at 80 degrees that 
the t emperature actually is such. It is very easy to ch eck the scale of_ 
a thermometer . All that is n ecessary to do is to place the bulb in a 
mixture of powder ed ice and pure water and stir for two or three 
minutes, in this way determining the correctness of the fr eezing point. 
'l1hen place the bulb of the thermometer in some pure water which is 
b1oiling in ·an open vessel and determine the t emperature of the boil­
ing watr. Local weather bureaus are prepared to give the correct 
t emperature at which water boils each day. In this way it is possible 
to discover how far off an instrument is. However, unfortunately just 
because a thermometer is correct at the freezing point, and at the 
boiling point, is no indication that it will be correGt at points between. 
A thermometer may be correct at the freezing point, correct at the 
boiling point and 4° off at 80°, which is exactly the point at which the 
baker needs accuracy. 

In order to check a thermomet er at any given t emperature, for 
instance 80°, it is n ecessary to do one of tvvo things. Either obtain 
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from the Bureau of Standards at Washington a thermometer with a 
?ertificate stat~ng ~-hat it is actually correct, and check the ·working 
ms~rume~1t agamst_ it or send the working thermometer to a laboratory 
which will det ermme vvhether or not the readings are as they should 
b~. In either case t~e pr~cedure will be the same. 1.1 he t emperature 
of a vessel of ·water is adJusted to 80° Fahrenheit with the standard 
~nstrument . ·which is_ known to be correct, and then the working 
mstrument is placed m the same water . Suppose that the standard in­
strument r eads 80° and that the working instrument r eads 82 ° which 
is a common occurrence. 1'he working instrument is shown to b~ incor­
r ect. However, this is no r eason why it should be destroyed or dis­
posed of. If it is desired to run the doughs at 80°, the incorrect in­
strument can be used to control the t emperatures, but it should indicate 
82 ° as the t est has shown that when the instrument indicates 82° the 
exact t emperature is 80°. 

THERMosLrATS 
A liquid and glass thermometer is not the only instrument ·which 

?an ~e used to indicate changes in t emperature. If a rod of wrought 
iron _is _100 fee t long at the freezing point, and the t emperature of this 
rod i_s mcreased to that of_ boiling water, it will be found to be ap .. 
prox1matel_y l?O f eet, 11(2 m?hes long. Hm,vever, if the original rod 
had been zmc u1:st ead of iron 1t_ would incr ease in length not 1½ inches 
but abo:ut 3~/4. mches. rrhus 1t is seen that differ ent metals change 
~e~gth n~ d1f!er ~nt a_m~unts ~or the same change of t emper ature. 
Usmg t ln s pr mc1plc, 1t 1s possible to make an instrument called the 
" t~ermost~,t " _which may consist of a strip of thin iron riveted to a 
strip of thm zmc throughout their entire lengths. If one end of this 
composite strip of metal is securely fast ened and the other end is fr ee 
to move, when the t emperature is incr eased the zinc ·will curl around 
the iron strip and cau se the entire bar to move to one side. If the 
t en~perature . is decr eased the opposite effec t wi]l. be produced ,and the 
ent1r_e bar will curl to the other side. All that is necessary is to fast en 
a pomter to the end of such a composite bar of metal and an :in stru­
n;ent wh~ch can be us~d to indicate _changes in t emperature is obtained. 
'Ihe motion of the strip of metal will cause the pointer to move and ,a 
scale can ;be arranged ·which v1rill r ead directly in t emperature. Such 
an arr~ngement forms the ~asis of a large number of indicating and 
r~cordmg thermometers, v1rh1ch, on account of their metallic construc­
tl?n and the ,ab~ence of glass and liquid, ·will stand a greater amount 
of rough handlmg than the common thermometer . Furthermore the 
thermostat can be used by suitable electrical connections to s,~itch 
on a light or rin~ a bell for extremes of t emp erature, in this ,vay acting, 
as an alarm device. Instead of actuating an -alarm system a thermos­
tat may be used to make and break an electrical ccircuit and in this: 
v.ray 1~e~·ulate 

1 
the t emperature of ovens ,an~ other devices heated by 

electr1c1ty. _'I he common oven pyr?meter 1s a thermostat consisting 
of a composite tube of carbon and iron so arranged that a pointer is 
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moved ove17 a scale by -a differ ence in the mot ions of iron and the 
carbon u ndel' changes in temperature. 

ELECTRIC THERMOMETERS 
A t hird principle for indic,ating· t emperature is used in the elect ric 

t hermometer , called a t hermo-couple. It is fo n11 d that 11·he11 two wir es 
of diss imilar metals ar e twi st ed ti gh tly toget her at one encl and th e 
fr ee . ends a.r e connect ed to an instru meu t whi ch will indicate deli cate 
electric curren ts that eveu at Ol'dinary temper ature a s1nall -a moun t of 
cur ren t will flow as will be shown by the movemen t of the 11 eed le on 
the .·cale of t he in strument. If th e jo int where t he twe metals meet 
is heated th er e will be a hi gher r eading· on t he sca le of t he i11strnmr 11 t 
and, corresp011 din gly, a low er r eadin g if t he j oin t is cooled. This is a 
ver y accurate and conv enient dev ice for t he measuremen t of tcmpe1·­
a t ur e, par t ic11 la rly snitable for such places as a bake ov en anLl for 
t emp eratures above the ord iu a ry range of t he common ther momet er. 
Furthermor e, t here is a gr eat advantage in t hat th e inst rument wh ich 
t ells th e temperatur e ma y be p laced at any cl csirnble distance or any 
des irable locat ioJJ wit h r espect to t he th ermo--conple itself wh ich i,; lo­
cated at t hr so urce of t he- heat. Such instnun ents ar r ver y a cc m ate 
1:rnd an u p-to-date bal(e shop shonld not be wit hout one of them if it is 
used for no ot her purpose t han to check u p th e action of t he co111 mon 
pyrometer s ;:ind t her mometer s installed by t he oven ma,nufact nrer s. 

RECORDING DEVICES 
An iustrumrnt \Yhich depends u pon the t hermostatic, metalli c, 01· 

e lectric prin ciples may hav e a small fountain pen attached to the eml 
of t he pointer in such a way that thi s pen travels over a sheet of p aper. 
If t his shee t of paper is 1noved across the pat h of mot ion of t hr po inter 
by a clock work so t hat the distance moved is propor t ional to t he t ime, 
a cont inuons record of t emp erntm·r is obtain e,d at any po in t fo r ariy 
len gth of t im e. Such a devi ce is called a Record i11 g 'J'h pr- 111 0111 etPt'. 
'L'he sheets are commonly n1led for 24 hours and a n ew sh ee t is p lace~l 
ou the instr um ent at. t he end of eac h t im e period. 'l'hese shrets will 
tell the temp eratm'e at t he place t he inst rument is located fo r -any 
irn,tant, at a ny t ime an d fu rn ish an absolute check on any auto mat ic 
te1nperntu re cont l'ol ling Llrvic(• or ou the mann er iu w hich t he fo re men 
in cha rge is r eg ul atiug t he t r 111pen 1t u l'es of his do ughs, clon gh r oom, 
pr oof box or ov en . Tcrn peratn re bein g so impor ta 11 t a fea tnre i11 t lw 
bak eshop of today, it is hig·hl y desirable t hat its natu re, the met hod of 
i ts measurement , and t hr charactCl' istics of t he var ious commercia l 
1- her mometers be un derstood by all ba kers . 'l'h errn omete1·s, or' oth(•r 
temper ature mras nr ing dev ices in ba ke shops shoul d br known t o be 
1:orrect an d in th eir usr care shonld be ta ken that e•rrors, ,rl1ich ca n be 
avoided in t he simple 1r1 a 11 11 er expla inrd abovr . -do not Cl'ee p in. 
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